Introduction. At the same time as survival is increasing among premature babies born before 26 weeks of gestation, the rates of cesarean deliveries before 26 weeks is also rising. Our purpose was to compare the frequency of intraoperative adverse events during cesarean deliveries in two gestational age groups: 24-25 weeks and 26-27 weeks. Material and methods. This singlecenter retrospective cohort study included all women with cesarean deliveries performed before 28 +0 weeks from 2007 through 2015. It compared the frequency of intraoperative adverse events between two groups: those at 24-25 weeks of gestation and at 26-27 weeks. Intraoperative adverse events were a classical incision, transplacental incision, difficulty in fetal extraction (explicitly mentioned in the surgical report), postpartum hemorrhage (≥500 mL of blood loss), and injury to internal organs. A composite outcome including at least one of these events enabled us to analyze the risk factors for intraoperative adverse events with univariate and multivariable analysis. Stratified analyses by the indication for the cesarean were performed. Results. We compared 74 cesarean deliveries at 24-25 weeks of gestation and 214 at 26-27 weeks. Intraoperative adverse events occurred at higher rates in the 24-25-week group (63.5 vs. 30.8%, p < 0.001). After adjustment for confounding factors, this group remained at significantly higher risk of intraoperative adverse events [adjusted odds ratio 5.04 (2.67-9.50)], even after stratification by indication for the cesarean. Conclusion. These results should help obstetricians and women making decisions about cesarean deliveries at these extremely low gestational ages.
Introduction
The survival rate of preterm infants born at a gestational age between 24 and 28 weeks has been rising for several years. In the EPIPAGE-2 cohort study, global neonatal survival without morbidity increased by 14.4% between 1997 and 2011 in France (p < 0.01) (1, 2) . The increase of these preterm infants' survival, results from the
Key message
Intraoperative adverse events are more frequent during cesareans at 24-25 weeks than at 26-27 weeks. These data should be taken into account in management decisions at these extremely low gestational ages.
ª 2018 Nordic Federation of Societies of Obstetrics and Gynecology, Acta Obstetricia et Gynecologica Scandinavica 97 (2018) 608-614 improvement of active resuscitation at birth and neonatal care, but also from appropriate antenatal care, which can include early cesarean deliveries for fetal indications (3) (4) (5) (6) . Thus, cesarean rates are rising at these early gestational ages, especially before 26 weeks (7, 8) . Ancel et al. showed a significant increase in cesarean births up through 26 weeks from 1997 to 2011 (20.4 vs. 30%, p < 0.01). Between 1997 and 2011, the cesarean rate in France rose from 11.8 to 21.1% for births at a gestational age of 24-25 weeks and from 49.6 to 58.2% for those at 26-27 weeks (1) . Survival rates still differ according to gestational age, especially in France, where the survival rate before 26 weeks did not improve between 1997 and 2011 (3) . The principal hypothesis for explaining this poor performance is that French professionals have only recently begun to believe that survival without sequelae is possible. Thus, it has been generally accepted in France that at 22-23 weeks, newborns should managed with comfort care (1, 3, 4, 9) . At 24-25 weeks, a discussion between parents, obstetricians, and pediatricians is usually held to decide whether active resuscitation will be provided and under what circumstances. At or after 26 weeks, it is essentially systematic (3, 4) . These practices have thus been very different from those in other countries, such as the USA, where intensive care management is basically in question only before 23 weeks (10) . The decision to provide active perinatal care, including cesarean deliveries, at these extremely low gestational ages, should consider neonatal and maternal morbidity, based on the most recent data available. Neonatal morbidity in extremely preterm births has been studied extensively in the literature, unlike maternal morbidity, especially at gestational ages of 24-25 weeks (11) (12) (13) (14) (15) . Data about maternal morbidity of these very early cesareans remain sparse and there are no data about intraoperative adverse events (16) (17) (18) (19) .
The objective of our study was to assess the frequency of intraoperative adverse events during cesarean deliveries at 24-25 weeks compared with that of cesareans at 26-27 weeks, and to determine whether a gestational age of less than 26 weeks is an independent risk factor for an adverse event.
Material and Methods
This retrospective, observational cohort study reviewed births from January 2007 through March 2015 at our level-III university maternity reference hospital in Paris (France). It included all extremely early cesarean deliveries during this period, that is, those between 24 +0 weeks and 27 +6 weeks. No exclusion criteria were applied. In France, it has generally been accepted until quite recently that at 22-23 weeks, newborns should be managed with comfort care, whereas active resuscitation is systematic from 26 +0 weeks (3). Between 24  +0 to  25 +6 weeks, a discussion between parents, obstetricians, and pediatrician takes place to decide on management, including whether a cesarean should be performed for fetal indications and whether active resuscitation will be provided and under what circumstances. Consistent with these practices, no cesareans were performed at 23 weeks in our center during the study period, and the cesarean delivery rate was lower at 24-25 weeks than at 26-27 weeks, the gestational age at which active resuscitation at birth and thus also cesareans for fetal indications become systematic.
Gestational age is routinely determined by the first-trimester ultrasound and verified before any extremely early cesarean. These cesareans are most often performed under regional anesthesia, although general anesthesia is sometimes used, depending on the degree of urgency. The abdominal incisions used most frequently are those described by Joel-Cohen, or applying the technique of Pfannenstiel or Maylard, and a midline vertical incision may be required for women with a previous cesarean delivery (or other uterine surgery). The uterine incision, whenever possible, is transverse, through the lower segment.
Maternal data were collected retrospectively from each woman's paper and electronic medical files. The pediatric data were collected from the reports completed at discharge from the neonatology department.
The principal endpoint was a composite outcome, named "composite intraoperative adverse event," defined by any intraoperative adverse event, including: classical uterine incision (because the use of classical incision leads to a cesarean delivery in the next pregnancy and therefore an increase in the global maternal morbidity rate), transplacental incision, difficulty in fetal extraction, postpartum hemorrhage defined by blood loss ≥500 mL [as defined by the World Health Organization and the French clinical guidelines for postpartum hemorrhages (20) or need for transfusion (indication based on clinical and hematological signs, according to French guidelines (21) ], and any injury of adjacent organs (gastrointestinal, urological or vascular). In the surgical reports at our institution, operators systematically and explicitly mention transplacental incisions, any difficulty in fetal extraction, and quantification of blood loss (assessed by weighing dressings and measuring the blood collected by intraoperative aspiration). As secondary endpoints, we analyzed neonatal outcomes and serious maternal complications. Neonatal outcomes included umbilical cord pH, five-minute Apgar score, and survival at discharge from the delivery room and from the hospital. Serious maternal complications included venous thromboembolic disease, revision surgery, and wall complications.
The principal factor studied was gestational age at delivery. Two groups were compared: mothers with cesareans performed between 24 +0 weeks (the earliest cesarean performed at our center) and 25 +6 weeks (24-25 weeks), and those with cesareans between 26 +0 weeks and 27 +6 weeks (26-27 weeks). We collected data about the characteristics of the mother, the pregnancy, the delivery process, as well as those of the newborn (birthweight, sex, umbilical cord pH, Apgar score, survival rate at discharge from the neonatal intensive care unit and from the hospital, and birth injury). Some quantitative variables were analyzed in categories to facilitate interpretation of the results: maternal age (<35 years and ≥35 years), prepregnancy body mass index (<30 and ≥30 kg/m 2 ) and birthweight (<600, 600-800, >800 g).
Indications for cesarean were classified as maternal (preeclampsia, abruptio placentae, hemorrhage of lowlying placenta), fetal (growth restriction or heart rate abnormalities) or obstetric (transverse presentation during labor, arrest of labor, previous cesarean). The other data collected included total operative time, time from incision to birth, duration of hospitalization, and mother' admission to intensive care.
We used univariate analyses to compare the two gestational age groups (24-25 and 26-27 weeks) for the frequency of intraoperative adverse events, both separately for each event and globally with the composite criterion. Then, to determine whether gestational age at cesarean delivery was an independent risk factor for an intraoperative adverse event, we used a logistic regression model to adjust for the confounding factors significantly associated with that adverse event in the univariate analysis. Because indications for cesarean differed between the two groups, the same analyses were performed with stratification for the indication of the cesarean, classified as maternal, fetal or obstetric indication. Neonatal outcomes were analyzed first according to gestational age and then according to difficulty of fetal extraction. We assessed the occurrence of serious maternal complications in the study population.
With our sample size, we had a power greater than 95% to detect a twofold increase for the principal composite endpoint (50% at 24-25 weeks vs. 25% at 26-27 weeks).
The statistical analysis used STATA software, version 11.0 (StataCorp LP, College Station, TX, USA). We used Student's t-tests to compare the groups for continuous variables and Chi-square or Fisher exact tests, as appropriate, for the categorical variables. Univariate and then multivariable analyses with a logistic regression model were run to determine the factors associated with any intraoperative adverse event. The multivariable analysis included in the logistic regression model all factors associated with such an event in the univariate analysis (p < 0.1).
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Results
Of the 784 deliveries at a gestational age from 24 +0 weeks to 27 +6 weeks during the study period, 288 (37%) were by cesarean: 74 women gave birth at 24-25 weeks and 214 at 26-27 weeks ( Figure 1) .
The mothers' characteristics were similar in the two groups (Table 1) . Low-lying placentas were more frequent in the more premature group, which also had a significantly higher rate of chorioamnionitis (34.2 vs. 22.5%, p = 0.04) and a significantly lower rate of fetal growth restriction (21.6% vs. 41.8%, p = 0.02) compared with the 26-27-week group.
The total operative time was significantly longer in the 24-25-week group (46.3 min AE 22 vs. 39.5 min AE 14, p = 0.05), and there were higher rates of general anesthesia (50.6 vs. 30.3%, p = 0.002) and transfusion (12.1 vs. 4.6%, p = 0.02) ( Table 2 ) compared with the 26-27-week group. Table 3 presents the rates of intraoperative adverse events according to gestational age group. The rates of transplacental incisions or injury of adjacent organs did not differ between the two groups. However, the rate of postpartum hemorrhage (21.6 vs. 8.9%, p = 0.004) was higher in the group of women giving birth at 24-25 weeks than at 26-27 weeks, as was the rate of difficult fetal extraction (12.1 vs. 4.2%, p = 0.01). The type of uterine incision also differed between groups (p = 0.002). Overall, 63.5% of the women in the 24-25-week group met the composite criterion, experiencing an intraoperative adverse event, compared with 30.8% of those in the 26-27-week group (p < 0.001). The rate of serious maternal complications in the study population was 7.3% (21/ 288).
After the multivariable analysis, the risk factors for intraoperative adverse events in our cohort were: gestational age of 24-25 weeks [adjusted idds ratio (OR a )
5.04, 95% confidence interval (CI) 2.67-9.50], singleton pregnancy (OR a 2.64, 95% CI 1.14-6.12), and noncephalic fetal presentation (OR a 3.07, 95% CI 1.75-5.41) ( Table 4) . After stratification for the indication for the cesarean, we found similar results: women giving birth at a gestational age of 24-25 weeks were at higher risk of an intraoperative adverse event when the cesarean was performed for fetal (OR a 2.9 95% CI 1.3-6.6), maternal (OR a 14.2, 95% CI 3.5-56.7), and obstetric indications (OR a 17.5, 95% CI 1.0-311.5). Not surprisingly, mean fetal weight (703.8 g AE 138.4 vs. 807.9 g AE 180, p < 0.001) was among the neonatal characteristics that differed significantly according to group; another was the five-minute Apgar score (4.4 AE 3.2 vs. 6.9 AE 2.9, p < 0.001). The survival rate at discharge from the delivery room was 78% for those born at 24-25-weeks and 93% for those born at 26-27 weeks (p < 0.001), and at discharge from the hospital, 49 and 82%, respectively (p < 0.001) ( Table 5 ). Difficulty of fetal extraction during the cesarean tended to be associated with a higher rate of neonatal death at discharge from the delivery room (22.2 vs. 8.5%, p = 0.07) and a higher percentage of five-minute Apgar scores <7 (61 vs. 41%, p = 0.08).
Discussion
Our study shows that cesareans performed at 24-25 weeks are associated with a greater risk of intraoperative adverse events than are those at 26-27 weeks. After adjustment, the risk of such an event remained five times higher in the more premature group. The other factors associated with an intraoperative adverse event were a noncephalic fetal presentation and a singleton pregnancy.
Numerous studies have examined the neonatal morbidity associated with extremely preterm cesarean deliveries but very few have looked at the maternal morbidity, including intraoperative adverse events (7, 11, 14, 18, 22) . However, this is an important question for the development of obstetrical practices because the decision to perform a cesarean at a very early gestational age should not only consider the neonatal benefits but also balance them with the intraoperative risks to the mother. In view of the maternal morbidity associated with cesarean delivery (in the short, medium, and long term) and of the neonatal morbidity and mortality in these cases of extreme preterm birth, cesareans for fetal indication before 26 weeks of gestation require discussion. This discussion should take place during a meeting between members of the obstetric and pediatric teams and the couple, where the anticipated neonatal benefits at this extreme gestational age and the surgical risks should both be measured. The higher risk of intraoperative adverse events at 24-25 weeks, in light of our results, makes it necessary to explain the surgical risk clearly to the woman and her partner during this discussion. Although this will probably not be their principal basis for decision, it must nonetheless be considered in the choice of whether to perform a cesarean delivery before 26 weeks. Our study design did not allow us to study the effect of these cesareans on short-term complications, mode of delivery or complications in subsequent pregnancies. Moreover, the original nature of our study is that the items included in our composite criterion enable us to focus specifically on intraoperative adverse events. All medical files and surgical reports were reviewed in detail, in order to obtain validated, specific, and exhaustive data. Nonetheless, the number of patients in these two groups is relatively low. Accordingly, we cannot rule out a possible lack of power for some rare and severe intraoperative complications. For example, the rate of accidental injury of adjacent organs was twice as high in the most premature group, but this difference was not significant. The survival rates at discharge by gestational age in our center are close to those reported in the EPIPAGE-2 study: 30% at 24 weeks, 60% at 25 weeks, 75% at 26 weeks, and 82% at 27 weeks (1). Although our study took place in only one center, we consider that our results can be extrapolated to French practices elsewhere.
To our knowledge, there is only one similar published study. Recently, Kawakita et al. studied maternal complications according to type of uterine incision and stratified by gestational age. They showed that maternal Position of the first fetus for the multiple pregnancies. complications did not differ according to whether women had classical or low-transverse incisions between 23 and 28 weeks of gestation (18) . Women in the two groups had significantly different obstetric diseases, with more chorioamnionitis in those at 24-25 weeks and more fetal growth restriction in those at 26-27 weeks. Different management of these two disorders probably explains this finding; obstetric teams may have policies against induction of premature birth (regardless of mode of delivery) for intrauterine growth restriction before 26 weeks, in view of the very low fetal weight, independently associated with a more negative prognosis. Growth restriction was not associated with intraoperative adverse events in the univariate analysis. Moreover, stratified analyses found a higher risk of intraoperative adverse events for the 24-25-week group regardless of the indication for cesarean. Accordingly, these differences in indications for cesareans should not be presumed to lead to bias in the number of intraoperative adverse events.
In the literature, we find data about intraoperative morbidity in cesareans performed at term according to the timing of the cesarean (before or during labor, emergency or planned cesarean) (23, 24) . Suwal et al. showed a higher rate of surgical complications in emergency than in elective cesareans (24) . We did not consider this distinction in our study since, by definition, cesareans before 28 weeks are always emergencies. However, our study found no significant difference in the rate of intraoperative adverse events between cesareans during labor compared with before.
The study of intraoperative adverse outcomes in very early cesareans makes our results original. The literature includes a few other studies about medium-and longterm outcomes of very early cesareans, but none studied intraoperative outcomes. Although we did not study long-term complications, the higher rate of classical incisions at 24-25 than at 26-27 weeks raises fears of higher risks of uterine rupture, placental insertion abnormalities, and repeat cesareans in these women's future pregnancies (25) . Lannon et al. confirmed this in their study, which reported a risk of uterine rupture nearly five times higher among women whose previous cesarean took place before 26 weeks, compared with at term (>37 weeks) (OR 4.9, 95% CI 2.3-10.6) (25) . Nonetheless, it should be borne in mind that the risk of uterine rupture depends not only on gestational age at the time of the cesarean but also on the type of uterine incision. Reddy et al. showed that immediate postoperative maternal morbidity (defined by hemorrhage, infection, admission to intensive care or maternal death) was greater at 23-27 weeks (11.5%) than at 28-31 weeks (9.5%) (16) . These results and ours point in the same direction and stress the importance of taking into account all the potential complications of cesarean deliveries, including intraoperative adverse events, in antenatal management decisions in pregnancies at risk of delivery before 26 weeks.
During cesareans at 24-25 weeks of gestational age, the risk of intraoperative adverse events is higher than for cesareans at 26-27 weeks. When delivery before 26 weeks is indicated, both the benefits and risks of cesarean delivery must be clearly explained to the woman and her partner during a discussion with obstetric and pediatric staff, so that they can simultaneously consider neonatal and maternal prognosis in the decision about a cesarean for fetal indications at 24-25 weeks of gestation. 
